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ABSTRACT 

The role of the "ant ibody eofaetor" 
and of other heat-labile serum components 
(complement) in the neutralization of the 
(I)X 174 bacteriophage b y  means of 
specific antibodies was studied. Sera of 
white mice, guinea-pigs and rabbits 
obtained mainly early after phage admin- 
istration were investigated. The character 
of antibodies was estimated from their 
sensitivity to 2-mercaptoethanol or else 
by  chromatography on Sephadex G-200. 
Sera from the first days after the admin- 
istration of the  phage containing mostly 
type  19S antibodies, and sera from later 
.periods after the administration contain- 
mg mostly type  7S antibodies, were 
tested. (Some evidence was also obtained 
about  the formation of slowly sedimenting 
antibodies sensitive to  2-mercaptoethanol 
in the rabbit.) With a single exception the 
tested sera showed no significant decrease 
of the neutralization activity after 
30-rains. heating at 56~ or at  60~ and 
no increase of the neutralization power 
could be observed after the application 
of homologous or normal mouse serum. 
I t  is concluded that  the heat-labile compon- 
ents of normal sera including the com- 
plement and the "ant ibody cofactor" 
play no role in specific phage neutraliz- 
ation. 

I t  is known that  the neutralization of 
various viruses can b y  potentiated by  
adding normal serum to immune anti- 
serum, in particular is the antiserum has 

been heated or kept  for a longer time 
(Allen, Finkelstein & Sulkin, 1958). I t  was 
usually assumed that  the enhancing 
factor was identical with complement but  
it was found here that  in antisera against 
influenza viruses the enhancing factor is 
the so-called "ant ibody eofactor" which 
is a serum component quite different from 
complement (Styk, Ko6i~kovs & H~na, 
1964). 

I t  was the purpose of the present work 
to find out whether the "ant ibody 
cofactor" or another heat-labile compon- 
ent of normal and immune sera takes part  
in the neutralization of the (I)X 174 
bacteriophage by  specific antibodies. For 
this reason two indicators were examined: 
(1) The phage-neutralizing capacity of 
unheated immune sera was compared 
with those heated for 30 rain. a t  56 or 
60 ~ C. (2) Experiments were made to de- 
termine whether an increase would occur 
in the neutralizing capacity of  heated 
immune sera on adding unheated normal 
serum. White mice, guinea-pigs and rab- 
bits were used for the immunization 
experiments, for testing the potentiation 
of the neutralizing effect, normal mouse 
serum was used as well as a serum of a 
homologous animal species (guinea-pig or 
rabbit). Since the antibody cofactor 
exhibits its activity most pronouncedly 
in the investigation of "early" anti- 
influenza sera (Styk, 1962a) the anti- 
phage sera from the early periods after 
antigen application were mainly examin- 
ed. The character of the antibodies in 
these sera (19S--7S) was also studied, 
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especially with a view to the sensitivity 
to 2-mercaptoethanol (Deutsch & Morton, 
1957; Uhr & Finkelstein, 1963) and insome 
cases by  determining the molecular size 
of antibodies by  means of Sephadex 
G-200 chromatography (Gelotte, Flodin & 
Killander, 1962; Flodin & Killander, 
1962). 

MATERIALS AND METH~ODS 

Phage. Lysate of the t X  174 bacterio- 
phage in aerated broth culture of Esche- 
richia coli C was used throughout. I ts  
titre was 5 • 109 PFU/ml.  

Immunization. Random-bred white 
mice weighing about  25 g. were given 
1.0 ml. phage preparation i.p. The 
guinea-pigs were of two types: a group of 
young guinea-pigs weighing about  300 g. 
were given 1.0 ml. preparation each 
intracardially; a group of large adult 
guinea-pigs weighing about  600 g. were 
given 2.0 ml. preparation intracardially. 
Rabbi ts  weighing about  2500 g. were 
given 5.0 ml. of the preparation intra- 
venously; a par t  of the rabbit  group were 
given another identical dose after 5 days. 
Revaccination was carried out  after 
44 days in the same way. In  all cases an 
undiluted preparation was used. Mouse 
blood was obtained with a capillary from 
the retro-orbital venous plexus; guinea-pig 
and rabbi t  blood by  cardiac puncture. 
Mouse sera were mixed, guinea-pig and 
rabbit  sera were investigated individu- 
ally. Before examination the sera were 
kept  at  - -50 ~ C. 

Serological investigation. Ten-fold dilu- 
tions of heated or unheated immune sera 
were prepared in buffered saline. For 
investigating the enhancing effect of 
normal sera the corresponding dilution of 
heated serum was mixed with the same 
volume of normal unheated serum diluted 
with saline 1 : 1 0  (in some cases 1 :5 ) .  
For examining the effect of 2-mercapto- 
ethanol (2-ME) the compound was added 
to a final concentration of 0.1M to each 
corresponding dilution of immune serum. 
(In the controls the corresponding volume 

of saline was added.) In all these cases 
the samples after mixing were incubated for 
30 min., in a 37~ bath. Antibody 
ti tration took, place in the presence of 
2-ME. The same procedure was used for 
examining the fractions separated on 
Sephadex G-2OO; in these cases undiluted 
samples were also examined. Chromato- 
graphy on Sephadex G-200 was carried 
out as described earlier (Hs Styk & 
Schramek, 1963). The separation yielded 
three well resolved peaks containing, in 
sequence of  running offthe column, macro- 
globulins, 7S-gamma globulins and pro- 
teins resembling albumins in their size. 

Determination o/the neutralization titre 
o t serum (or lraction). One ml. serum 
after appropriate t reatment  was mixed 
with 1 ml. phage diluted to contain 
200 PFU/ml.  After a 60-minute incubation 
at 37 ~ C, 1 ml. of this mixture was plated 
onto a Petri dish with E. coli C as indi- 
cator. (For details see Adams,  1959). The 
titre of the serum (fraction) was calcul- 
ated from the decrease in infectivity of 
the phage under the influence of the 
antiserum. We proceeded from the 
assumption that  within certain limits the 
logarithm of the surviving fraction is 
proportional to serum concentration. The 
antiserum titre represents the reciprocal 
of the final dilution of serum in the re- 
action mixture which is capable of 
neutralizing 50% infectious phage partic- 
les within a one-hour incubation. A similar 
procedure for evaluating the t i tre was 
used by  Svehag and Mandol (1962). The 
significance of titre differences was 
evaluated on the basis of the number  of 
plaques in titration based on the tables 
of the plaque test statistics (Lorenz, 1962). 

RESULTS 

Blood was withdrawn from all ex- 
perimental animals before beginning the 
immunization experiments. The serum of 
none of these animals contained sub- 
stances that  would neutralize the @X 174 
bacteriophage. I t  was thus possible to 
evaluate the specific response to a sub- 
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sequent application of the phage to 
animals as well as to use these normal 
sera for enhancing the neutralization 
effect of heated antisera. 

Table 1 presents the results of examin- 
ing some selected sera obtained 5--12 days 
after inoculation of the bacteriophage. 
On comparing columns A and C it can be 
seen that  in no case did we observe any 
significant decrease of the neutralizing 
titre after heating. In the case of the 
rabbit serum hTo. 21, which was obtained 
12 days after immunization, there is a 
significant difference at  the 5% level 
between the values before and after 
heating; in all other sera the differences 
are not significant. After adding normal 
serum (mouse or homologous) to heated 
antiserum no significant increase in the 

neutralization activity was observed in 
any  case (eft column G with D or E). The 
differences found in some sera are not  
significant at  p = 5% level. 

Since a 30-rain. heating at  56 ~ C may be 
insufficient for destroying the cofactor 
activity in guinea-pig serum (Styk, 1962b) 
some antisera were examined after heating 
for 30 min. at  60 ~ C. The result was 
analogous to tha t  in Table 1. 

The antibody response in the individual 
guinea-pigs varied considerably in the 
height of the neutralization titre. For 
example 7 days after the injection of the 
antigen the antibody titres of guinea-pigs 
No. 11, 12 and 13 were 1020, 88 and 450, 
respectively. Irrespective of the titre no 
enhancing effect of normal serum com- 
ponents was found here. 

Tab le  1. The  effect of  hea t ing ,  2 -mereap toe thano l  (2-ME) a n d  n o r m a l  s e r u m  on  t h e  neu t ra l i z ing  capac i t y  
(neu t ra l i za t ion  t i t res)  o f  d i f ferent  an t i se ra  to ( I ) i  174. 

S e r u m  No.  

Mouse  1 

Mouse 2 
Guinea-p ig  11 
Guinea-p ig  12 
R a b b i t  21 

D a y s  a f te r  
i m m u n i z a t i o n  

7 
12 

5 
5 
7 
5 

12 

U n h e a t e d  sera  

A B 
(saline) (2-ME) 

100 23 
110 92 

43 < 5  
660 20 

88 8 
410 < 5  

3800 200 

C 
sal ine 

110 
92 
40 

760 
94 

330 
2300 

Sera h e a t e d  3 0 m i n s .  a t  56 ~ C 

E 
(NHS) 

D 
(~MS) 

72 
130 
47 

8OO 850 
91 I 98 

310 380 
2800 i 3100 

F 
(2-ME) 

< 5  
31 

< 5  
23 

6 
< 5 
< 5 0  

NMS ~ n o r m a l  m o u s e  s e r u m  a d d e d  1 : 10 
N H S  ~ n o r m a l  h o m o l o g o u s  s e r u m  a d d e d  (guinea-pig  or rabbi t )  1 : 10 

Tab le  2. C h r o m a t o g r a p h y  o f  i m m u n e  sera  ob t a i ned  f rom rabb i t  No.  21 a t  d i f ferent  per iods  of  i m m u n i z a t i o n ,  
on S e p h a d e x  G-200. D i s t r i bu t ion  of  an t ibod ies  a n d  the i r  s ens i t i v i ty  to  t r e a t m e n t  w i th  2-ME 

(neu t r a l i za t ion  t i t res)  

D a y s  a f te r  
i m m u n i z a t i o n  

5 
12 
28 

5 - -  rev .*  

O d g i n a l s e r u m  

u n t r e a t e d  2-ME 

410 0 
3800 200 
2900 2900 

22000 12000 

19S** 

u n t r e a t e d  

84 
590 
120 
350 

~-ME 

0.7 
5 
5 

12 

78"* 

u n t r e a t e d  

1.5 
60 

110 
2400 

2-ME 

1.0 
22 

100 
720 

* Se rum ob t a ined  5 d a y s  a f te r  r evacc ina t ion  car r ied  o u t  44 d a y s  a f te r  f irst  a d m i n i s t r a t i o n  o f  t h e  phage .  
** F rac t ion  f r6m the  t op  o f  t he  first (maeroglobul in)  or  second  (7S-gamma-g lobu l in )  peak  a f te r  c h r o m a t o -  

g r a p h y  on  S e p h a d e x  G-200. 
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Another negative result was obtained 
in the experiments aimed at  showing the 
possible role of heat-labile serum compon- 
ents by following the kinetics of the phage 
neutralization. No significant difference 
was found to exist between the inactiv- 
ation constants of (a) native, (b) heated 
and (c) heated plus fresh normal serum 
added. 

The heat-labile components played no 
role when comparing heated and unheated 
fractions obtained after separation of 
antisera on Sephadex G-200. Thus, for 
example, the titre of the top fraction 
from the macroglobulin peak obtained 
after chromatography of early rabbit 
antiserum No. 21 (taken 5 days after 
immunization) did not decrease a t  all. 
As may be seen from Table 2 the serum 
contained practically exclusively anti- 
bodies of the 19S type distributed after 
chromatography on Sephadex G-200 in 
the macroglobulin peak. The further 
course of formation of 19S and 7S anti- 
bodies in rabbit No. 21 is shown in Table 2. 
(Table 2 shows only unheated sera or 
samples after chromatography). 

Attention should be paid to the decrease 
of the titre following application of 
2-mercaptoethanol in fractions from the 
7S-gamma-globulin peak found 12 days 
after primoimmunization and 5 days after 
revaceination. In  the former serum the 

0 ~ 
ra 

Fig. 1. Separation of proteins of two immune rabbit 
sera anti ~PX 174 on Sephadex G-200. Fractions 
are shown in which the content of antibodies and 
their sensitivity to 2-ME was studied (cf. Table 2). 

decrease of the titre after application of 
2-ME is significant at the 5 % probability 
level; in the latter the decrease of t h e  
titre lies at  the border of 5 ~o probability. 
Separation of proteins from these two 
sera on Sephadex G-200 is represented 
in Fig. 1 which also shows fractions taken 
for determination of antibody titre and of 
sensitivity toward 2-ME. In  every case 
we were dealing here with a mixture 
from two tubes belonging to the same peak. 
Similarly in another rabbit to whom two 

�9 phage doses were administered at  a 5-day 
interval the 7S-gamma-globulin peak 
(from serum 5 days after the 2nd injec- 
tion} was found to contain antibodies 
sensitive to 2-ME: their titre decreased 
after applying 2-ME from more than 132 
to 56 which is significant at  the 1 ~o level 
of probability. 

DISCUSSION 

Three species of experimental animals 
were used for the experiments: white mice, 
rabbits and guinea-pigs. White mice were 
chosen as a species in which the effect 
of the serum cofaetor to anti-in- 
fluenza antibodies is most striking; 
rabbits serve as one of the most common 
objects of immunological studies; guinea- 
-pigs because they contain the highest 
level of the complement or of complement 
components. In the last-named case we 
could part ly proceed from the findings of 
Uhr and Finkelstein (1963) who described 
the formation of rapidly and slowly 
sedimenting antibodies against the 
�9 X 174 phage in guinea-pigs; however, 
the authors did not s tudy the possible 
effect of heat-labile serum components 
on the neutralizing capacity of the anti- 
serum. 

In  none of the antisera tested in our 
experiments did we find any substantial 
decrease of the neutralizing capacity 
after heating or an increase of this capa- 
city after adding normal mouse or 
homologous serum. This holds both for 
sera obtained during the first days  after 
administration of the antigen where an 
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enhancing effect of fresh serum would be 
most expected and for sera withdrawn 
later during ant ibody formation. Un- 
equivocal evidence was thus obtained 
that  neither the "ant ibody cofactor" nor 
the complement system or another heat- 
labile component play a role in the 
neutralization of the (I)X 174 bacterio- 
phage by specific antibodies. 

I t  was not  the aim of present work to 
investigate in any detail the character of 
the antibody response toward the (bX 174 
bacteriophage with regard to the form- 
ation of rapidly and slowly sedimenting 
antibodies. In this connection inform- 
ation is available from experiments with 
guinea-pigs (Uhr & Finkelstein, 1963) 
which, at  the same time, points to the 
considerable variability of individual 
animals. These authors confirmed that,  
as in human serum macroglobulins 
(Deutsch & Morton, 1957), the rapidly 
sedimenting guinea-pig molecules of 
antibodies against e X  174 are depolymer- 
ized by  0.1 M 2-mercaptoethanol which is 
accompanied by  a complete loss of anti- 
body activity; on the other hand, the 
slowly sedimenting molecules of anti- 
bodies do not  lose their activity after such 
treatment.  Uhr and Finkelstein (1963) use 
sensitivity to 2-ME as the only criterion 
for classifying ant ibody molecules as 
rapidly or slowly sedimenting and 
designate them as 19S and 7S, respect- 
ively. 

I f  this procedure is used for evaluating 
the sera examined here it can be seen 
immediately that  Table 1 contains mainly 
sera with a predominance of 19S anti- 
bodies which is more or less pronounced. 
A greater content of 7S antibodies is found 
only in the mouse serum No. 1 obtained 
12 days after antigen application. At the 
same time, the sensitivity to 2-ME is 
markedly increased in heated antisera. I t  
must  be borne in mind, however, that  in 
two cases shown in Table 2 a s  well as in 
another rabbit  serum sensitivity to 2-ME 
was exhibited even by  antibodies contained 
in fractions from the second peak contain- 

ing 7S-gamma-globulins. I t  is unlikely that  
we could be dealing here with an unsatis- 
factory separation of the 19S antibodies 
sensitive to 2-ME from the 7S antibodies. 
This is contradicted by  curves of chrom- 
atographic fractionation of the above- 
mentioned sera indicating a fine resolution 
of proteins in the first and second peaks. 
We should rather consider the possibility 
that  even in rabbits, slowly sedimenting 
antibodies sensitive to 2-ME can be 
formed as were found in sera of non- 
mammalian vertebrates (Uhr, Finkel- 
stein & Franklin, 1962; Grey, 1963, and 
elsewhere) as well as their possible 
existence in mice as pointed out recently 
by  Berlin (1963). 
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POJIB HECHEI~HOHqECHHX 
CbIBOPOTOqHbIX @AHTOPOB 
HPH PEAHI_[HH OBPA3OBAHHII 

AHTI/ITEJI IIPOTHB t3AHTEPHOOAFA 
~X 174 

H. Cmbzr, jrf. 3aeaOa, J-[. Fana 

H3yqanac~ BOaMOmHaH poYlb ((Ho(~aK- 
wopa aHWnWeYt>>, a waK~e  a p y r n x  wepMoTia- 
6HJIbHBIX C/~IBOpO TOqHHX HOMIIOHeHTOB 
(KounneMenT), npH nefiTpan~aa~nn 5aK- 
TepHod~ara (}X174 cneRn~HqecKHMl/ aHTn- 
Te~aM}t. Hcc~e~oBannch C~mOpOTKn 5e- 
Jinx Ml, in~e~, MopcKriX CBHHOK H KpoTt~- 
uoa, nonyqenHue,  FTIaBHhIM o6paaoM, na 

paHnnX cpoKax nocne BBe~IeHIIH /~ara. 
Xapa~wep aHwnwen onpe;~enHnn no qyB- 
CTBHTeTIbHOCTH K 2-MepKanToaTaHony, a 
nnor;~a waKme c nOMOIIII, IO xpoMaTorpa~nu 
na Sephadex G-200. TecwnpoBan~cb CUBO- 
pow~H, nonyqennue  B Hepatic ~nn nocne 
npnMeHenna ~ara ,  npeHMymecTBeHHO co- 
~epmaBmHe anTIITeJIa Tana 19S, n CUBO- 
pOTI~l~, nony~eHnue B 6onee nozJIHnfi He- 
prior, c 5once 3Ha~nTenhntaM co~epma- 
ttIIeM attTIiTeJI 7S. (B~n~ n o n y q e n ~  TaK- 
me cBe~Ienna OTHOCnTenbnO oSpa3oBannu 
Me~JIeHno ocam~alot~nxcfi arlTHTe~, qyB- 
CTBHTeJIhttLIX K 2-MepKanToaTano~y, y Kpo- 
nnKa.) 3a O~nnM nci~nloqen~eM, B ncc~e- 
~yeMhIX CBIBOpOTKaX He Ha6JIIO]IaJIOCl) H~{ 
~OCTOBepHoro non~meHna aKTHBHOCTH 
HefiTpa~naaRnH noc~e HX 30-MnnyTnoro 
nporpeBaH~a np~ 5 6 ~  Hn~ 60 ~ C, na  
nOTeHR~poBanna He~Tpa~n3aRH~t nocne 
Hp~6annenna roMoJIornqHofi (~xm MMITIH- 
HOfi) C~mOpOT~m - -  ~enaeTca S~IBO~, ~TO 
TepMonabHnsnsie ~O~HOHeHT~ HOpMan~- 
HI, IX CI, IBOpOTOK, BKJIIOqa~l HOMIIJIeMeHT 
H ((Ko~baKTop anTnTen~>, He nrpaIoT poan 
B cne~H/~nqecroft nefiwpannaa~nn /~ara. 


